This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 




US200404301606 



Creation date: 04-30-2004 
Indexing Officer: GMALDONADO 
Simplex 
B&W 



Paper Package ID 


Leading Doccode 


Application/Appeal Number 


US 0989586504P1 


LET. 


09895865 


US 0989586506P1 


IDS 


09895865 


US 0989586507P1 


LET. 


09895865 


US 0989586508P1 


LET. 


09895865 


US 098958650GP1 


CTMS 


09895865 



Total number of pages: 234 

Date of delivery to the SC 

Scanned by 

Barcodes read by 

Number of packages rejected 
(Please mark packages above) 



Batch on CDR 
Batch rejected 



Page 1 



15-1) COLOR DISPLAY DEVICE 

(111 fi-J.jra:2 (Ai U3I 19.12.19S7 (191 TP 

(2!) Appi. No. fil-I36Sf,7 (22) 12.6.19*. 

(71) CANON INC (72) HAJI.ME SAKATA 

(511 Int. CI'. G02F1/133.; G02B5.-1S 



PLRPO.vE: To obtain a color display device characterized by high light utilizing 
ZST&t?*'** 0 ™?- cons "?}P tion - hi * h < briphtness. and excellent color 

rnvlSS-Tmv 4 ' lu UhZ ^ a u dlffracti O" ^«ing and a light valve. 

CONSTI.ITION: \V hue ight beams 1 radiated from a polychromatic light source 
are condensed by a lenticular pbte 5 and the 0-th order. ^ 1st order • 
d. r :ic ,ed beams are respectively led into the light valve part 3 through the 
diffraction grating 6. A large part of energy is concentrated into the ± 1st 
order diffracted beams led into the light valve part 3 by specifving the grating 
pitches of the diffraction grating 6. a phase change value, and so *n. The light 
valve part 3 is arranged so that spectrum beams of red R, green G and blue 
B components of respective ± 1st order diffracted beams are made incident 
upon three light valves 3-1-3-3 corresponding to at least one picture element 
m the train direction of one picture element train in an area distributing the 
spectrum beams and a douser to interrupt the transmission of the light beams 
is arranged on area for concentrating the 0-th order diffracted beams or -1st 
order or more detracted beams. 
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Specifications 

1. Name of the invention 
Color Display Device 

2. Range of the patent rights claimed 

(1) Color Display Device which is characterized as follows. 

A diffraction grating, convergent optical material consisting of multiple convergent elements having a 
refracting power in the direction of diffraction of the diffraction grating, and multiple picture elements 
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each of which consists of multiple light valves are arranged in the light valve part in one or two 
dimensions. The light valve part is arranged so that the diffraction beams of the specific order which pass 
through or\9 convergent element are made incident upon the area corresponding to at least one picture 
element in the light valve. The wavelength of the transmission beams is selected by controlling the 
strength of the transmission beams of the multiple light valves corresponding to each picture clement. 

(2) Color Display Device described in Item 1 of Range of the patent rights claimed which is characteri2ed 
by the fact that the area upon which Oth order diffracted beams of each picture element in the light valve 
part arc made incident is used as a non-transmission part. 

3. Detailed explanation of the invention 

(Field of the industrial use) 

The present invention pertains to the color display device, in particular, color display device which is ideal 
for TV broadcasting, image -communication, medical use, industrial use and for use in theaters. 

(Conventional technique) 

Conventionally, a color display device where a color filter is combined with a liquid crystal light valve has 
been well-known as a device used for selecting light beams which possess specific spectral characteristics 
from the light beams which possess natural light or multiple wavelength components. Figure 1 shows one 
part of an example of such color display device. In the figure, l indicates the white light beams from 
multi-color light source S which possesses multiple wavelength components, and it performs color 
decomposition by making the light beams I from the multi-color light source S incident upon the color 
filter having three colors, red (R). green (G) and blue (B) for each picture clement located in the space. 
Moreover, it reproduces colors and generates gradation by controlling the strength of the transmitted light 
independently using the light valve consisting of multiple light valves 3 - 1 installed for each color filter. 

Absorption-type color filters such as a filter utilizing light-absorbing material (dye, pigment, etc.) have 
been widely used. Moreover, color filters utilizing multiple interference films and a diffraction grating 
have been used as a means to select colors by changing the direction of light. 

As for liquid crystals, TN (twist neinatic) type, GH (guest host) type, multiple diffraction control type, 
phase transition type, and thermal-optics effect type liquid crystal light valves have been used. 

As shown in Figure 1, three color filters R, G and B for red, $rccx\ and blue are placed in order to form 
one picture element in the space for color display devices utilizing conventional color filters and light 
valves. Therefore, for example, the light utilizing efficiency is approximately only 1/3 by principle 

because the green component and blue component from the white light beams (W) which are made 
incident upon the red filter part (R) is absorbed, reflected or removed due to diffraction, etc. 

In reality, the light utilizing efficiency is further reduced taking the transmission rate of the light valves 
into consideration. 

Moreover, spectral characteristics are determined by the types of the dyes, structure of the multiple-layered 
film, and phase modulation of a diffraction grating (height of grating, etc.). However, in reality, ideal 
spectral characteristics are difficult to obtain, and it is difficult to obtain favorable color reproducibility. 

In addition, as for the conventional color display device, the three color Filters which differ for each 
picture element must be created in 1/3 of the size of one picture clement. Therefore, creation is difficult in 
terms of the process, time, and yield. 

(Problems intended to be solved by the invention) 
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The purpose of the present invention is to provide a colnr dUplay device having high light utilizing 
efficiency, low power consumption, high brightness, and excellent color reproducibility by utilizing a 
diffraction grating and light valves. 

(Method to solve the problems) 

Color display is made possible by the following facts. A diffraction grating, convergent optical material 
consisting of multiple convergent elements having a refracting power in the direction of diffraction of the 
diffraction grating, and multiple picture elements each of which consists of multiple light valves are 
arranged in the light valve part in one or two dimensions. The light valve part is arranged so that the 
diffraction beams of the specific order which pass through one convergent element are made incident 
upon the area corresponding to at least one picture element in the light valve. The wavelength of the 
transmission beams is selected by controlling the strength of the transmission beams of the multiple light 
valves corresponding to each picture clement. 

The characteristics of the present invention are further described in Examples. 
(Examples) 

Figure 2 (A) shows an oblique view of one example using the present invention, and Figure 2 (B) shows 
the action model of Figure 2 (A). In the figures, 1 indicates white light beams which possess multiple 
wavelength components, 6 indicates a diffraction grating which is diffracted in the one-dimensiona! 
direction, and 5 is a convergent optical material consisting of multiple convergent elements 5-1 having a 
refracting power in the direction of diffraction of the diffraction grating 6. The convergent optical 
material 5 is combined with the diffraction grating 6 in the figures, however, it can be separated from the 
diffraction grating. 3 is a light valve part where multiple light valves are located in twtwtiincnsions where 
three light valves 3-1, 3-2 and 3-3 in the horizontal direction form one picture clement. 7 indicates a 
diffusion plate, which can be either combined with, or separated from the light valve part 3. 

In this example, the white light beams 1 from the light source arc made incident upon the lenticular plate 
5 almost vertically. 

In this example, the white light beams 1 radiated from a polychromatic light source are condensed by the 

lenticular plate 5, and the Oth order, ±lct order ... diffracted beams are respectively led into the light valve 

part 3 through the diffraction grating 6. A large part of the energy is concentrated into the ±lst order 
diffracted beams led into the light valve pan 3 by specifying the grating pitches of the diffraction grating 
6, a phase change value, etc., in order to improve the light utilizing efficiency. 

As shown in Figure 1 (B), the light valve pan 1 U arranged so that spectrum beams of red R, green G and 
blue B components of respective 1st order diffracted beams are made incident upon three light valves 3-1, 
3-2 and 3-3 corresponding to at least one picture clement in the train direction of one picture element 
train in an area distributing the spectrum beams, and a douser to interrupt the transmission of the light 
beams is arranged on the area for concentrating the Oth order diffracted beams or ±2nd order or greater 
diffracted beams where spectrum beams are not utilized 

As a result, the wavelength of the transmission beams is selected by controlling the strength of the 
transmission beams which pass through each light valve. 

Following is an explanation using concrete values. 

In this example, the diffraction grating 6 consists of the trapezoidal relief type grating whose grating pilch 
is i.2|am, depth 0,5^im, and ratio for the top and bottom is 1 : 2, where its back is used as a lenticular 



surface, the pitch of one of the picture elements is determined as 600jim % which is molded using 
polycarbonate. 

The light valve 3 utilizes TN crystal, whose back is used as a diffusion surface. 

The light valve part is placed so that blue, green and red beams are received from ihc cop to the bottom of 
the lenticular plate respectively. One picture clement is formed by three light valves, and a douser to 
interrupt Oth order diffracted beams and greater than 2nd order diffracted beams is installed in the space 
of the three light valves. Light valves, 3-1, 3-2 and 3-3 have an aperture at the position where the band 
width is ± 40nm, ± 40nm, and ± 30nm at the peak wavelength of 440nm, 550nm and 620nm respectively. 

When the distance between the diffraction grating surface 6 and light valve surface 3 is 0.5mm, each fight 
valve is arranged so that the distance between the center of the lenticular plate top and the aperture is 200 
^un for blue, 250}am for green, and 100pm for red. 

When using a Icolor rendering fluorescent light having a spectrum peak at wavelength 440nm, 550nm 
and 620nm, the conversion efficiency to the 1st diffracted beams, that is. a light utilizing efficiency from 
the light source to the light valve part, is approximately 70% and the transmission rate of the liquid 
crystal light valve is approximately 35%. Overall, the light utilizing efficiency was approximately 20%. 

The above value is 4 to 3 limes as high as the light utilizing efficiency for the conventional color display 
device. 

In the example shown in Figure 2, the light beams which passed one of the elements 5-1 of the lenticular 
plate 5 is diffracted by the diffraction grating 6. After that, the light beams arc made incident upon the 
area corresponding to the 2 picture clement train. However, it is also possible to make the light beams 
incident upon the diffraction grating 6 from the oblique direction, and utilize the 1st order diffracted 
beams as shown in Figure 3 (A), or utilize only +lst order or -1st order diffracted beams, and make one of 
the elements 5-1 of the lenticular plate incident upon the area corresponding to one picture element train 
by phrasing the diffraction grating 6 in a non-symmetrical shape as shown in Figure 3 (B). 

In the example shown in Figure 3 (A), the incident angle of ihc light beams 1 to the lenticular plate 5 is 
30 degrees, the shape of the diffraction grating 6 is trapezoidal where the grating pitch is 0.6nm, depth 2\l 
m, and the ratio of the top and bottom is 1 : 4, and the pitch of one of the elements M of the lenticular 
plate is 600nm. 

When the distance between the diffraction grating surface t; -ad light valve surface 3 is 0.5mm, the center 
of the aperture of light valves is arranged so that the distance between the center of the top of one of the 
elements composing the lenticular plate and the aperture is I20|am for blue, 230^m for green, and 300jxm 
for red. 

A douser to interrupt the transmission of the light beams is installed in other areas of the light valve 
excluding the area where the -1st order diffracted beams are made incident. The diffusion surface 7 (not 
shown in the figure) is located approximately 0.5mm from the light valve pan 3 where separated red. 
green and blue light beams are joined again, realizing color display by generating optional colors utilizing 
an additive color mixture. 

Figure 6 shows another example of the present invention. In this example, the present invention is applied 
to a color display device used for a projector where a projection lenticular plate 8 and lens 9 arc installed 
on the radiation-exiting side of the light valve part 3 instead of the diffusion plate 7 shown in Figure 1, 
and a screen 10 Ls placed on the imaging surface. 



For the present invention, it is possible lo use a so-colled gnat-cyc lens where multiple micro lenses are 
arranged in two dimensions or celfoc? lens instead of using a lenticular lens used in examples so that 
specific order diffracted beams which have passed through one micro lens are made incident upon the area 
corresponding to at least one picture clement. 

When the polychromatic light source is located near the point light source, it is ideal to make the tight 
beams from the light source 5 1 incident by a collimator lens 52 as parallel light beams into the diffraction 
grating 6 as shown in Figure 5. 

In this example, the reflection beams from the diffraction grating are directed outside in order to reduce 
the reflection light. Moreover, it is favorable to use a highly color-rendering light source as a 
^chromatic light source where emigsion beams arc concentrated on the specific wavelength area in 
order to realize high light utilizing efficiency and color reproducibility. 

Any light valve which can control the light transmission can be used in this example. In addition to the 

liquid crystal light valve described above, a light valve utilizing an electric optical crystal or thin-film 
magnetic garnet, a light valve utilizing irregular-shaped mirror, and light valve utilizing EC 
(electrochxomic) phenomenon or PC (photochromic) phenomenon, etc. can also be used. 

The location of light valves and aperture area are determined by the range of the color reproducibility 
That is, the 1st order diffracted beams condensed on the light valve are separated depending on the 
wavelength in the space. The range of the colors to be reproduced can be determined by where in the 
wavelength area the aperture of the light valve corresponding to each color clement is set. 

Figure 4 shows the conditions of the color reproducibility using a CIE chromaticity graph In the figure 
the area indicated by (a) shows the case where the center of the aperture of one of the light valves was ' 
selected at the point corresponding to 450nm, 550nm and 620nm. 

As the slit width of the aperture is widened, the range of the color reproducibility moves toward the light 
source position P as indicated by the arrow. The area indicated by (b) shows the case where the center of 
the aperture was set at 480nm. 520nm and 650nm, and the colors can be reproduced in the range 
indicated by the line. In reality , the range is determined by taking the position matching the spectrum 
distribution of the polychromatic light source, and slit width, etc into consideration. 

The light beams radiated from the light valve pan 3 are processed depending on the type of the color 
display device. For example, in the case of the direct viewing type, the image can be observed by installing 
the transmission-type diffusion plate 7 directly behind the light valve. In this case, one side of tie light 
valve part 3 can be used as a diffusion surface. Moreover, in the case of the projection-type, the projection 
can be set so that the images arc projected on the screen by the projection sy stem consisting of the 
projection lens or projection mirror, and Schmidt lens, etc. 

The address of the image can optionally be set to an electrical address, optical address, etc. depending on 
the type of the light valves. 6 

In the examples, it is favorable to install an optical material having convergent beam power such as a 
Fresnel lens plate on the light source side of the lenticular plate in order to utilize the light beams from 
the light source effectively. 

Additionally, reflection type color display devices can be used in the same manner as the transmission 
type color display device described in examples 



(Effect of the invention) 



According to the present invention, since color light beams which possess specific spectral characteristics 
can be obtained at a high light utilizing rate by using a diffraction grating and light valves without using a 
conventional three-color color filter, a color display device having high brightness and excellent oolor 
reproducibility can be obtained. 

4. Simple explanation of the figures 

Figure I shows a conventional color display device, figure 2 (A) shows an oblique view of one example of 
the color display device utilizing the present invention. Figure 2 (B) shows the plane view of one example 
of the color display device utilizing the present invention. Figure 3 (A) and (B) show other examples of 
the color display device using the present invention. Figure 4 shows the range of the color reproducibility 
for the color display device using the present invention. Figure 5 and 6 show other examples of the color 
display device using the present invention. In the figures, 1 indicates the white light beams, 2 indicates a 
color filter, 3 indicates a light valve part, 5 indicates a lenticular plate, 6 indicates a diffraction grating, 7 
indicates a diffusion plate, 8 indicates a projection lens, 9 indicates a lens, and 10 indicates a screen. 
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